Investigate the morphological effects of chronic exposure to tobacco smoke inhalation and alcohol consumption on the lungs and on the growth of rats. METHODS: Sixty male Wistar rats were divided into four groups: control, tobacco, alcohol, tobacco + alcohol, for a period of study 260 days. Morphological analysis was conducted by optical and electron microscopy. Rat growth was investigated by measuring the snout-anus length, body mass index and body weight.
Introduction
Smoking is clearly associated with a chronic inflammation of the lung parenchyma, involving neutrophils, lymphocytes and macrophages. Excessive and inappropriate stimulation of this cells in experimental models has demonstrated destructive pathological changes in the lung. Alveolar destruction results in histological alterations that can be observed using certain basic morphometric techniques. The mean alveolar diameter is increased, which represents perhaps the most sensitive indicator of the emphysematous process. Although the high incidence of chronic lung disease in alcoholics has been accepted and documented, little is known about the effects of alcohol on the lungs. The interrelation between smoking and body weight 1 and alcohol consumption and body weight 2, 3 has been consolidated by several studies; however, none of these have considered the combination of both drugs.
Given that 80 to 95% of alcohol consumers are also smokers and that smoking is clearly associated with the increased incidence and severity of diseases in various organs, experimental models that study the harmful effects of chronic alcohol consumption should include groups that combine alcohol and tobacco consumption, thus enabling such groups to more accurately mimic the effects of chronic alcohol abuse in humans.
Thus, this study aimed to investigate the harmful effects of chronic use of alcohol and tobacco produced in rat lung, using morphological assessments, and the effects on the growth of the rats.
Methods
The experimental protocol was performed in accordance with the "Guide to procedures and use of laboratory animals" published by the U.S. After completion of the experiment, the rats were fasted for 12h and anesthetized with intraperitoneal injection of sodium pentobarbital (30mg/kg). They were weighed, the snout-anus length was measured and BMI (weight in kg/snout-anus length 2 )
was determined. Cervical-thoracic and abdominal trichotomy, antisepsis with 2% iodine alcohol and xiphopubic laparotomy were all performed. Next, complete section of the inferior vena cava and the abdominal aorta were performed for sacrifice by bleeding.
Optical microscopy (hematoxylin/eosin)
A longitudinal sample of the right and left lungs of seven rats randomly selected from each subgroup were processed for paraffin embedding, sectioned (three microns) and stained with hematoxylin-eosin for light microscopy, using an Axiostar plus microscope (Carl Zeiss do Brasil Ltda.). The slides were evaluated by a pathologist with no prior knowledge of the group they belonged to. The presence of inflammatory infiltrates in the bronchial, bronchiolar and perialveolar regions was evaluated, such that these alterations were recorded as present or absent, and the percentages were estimated. of samples from seven rats from each group were examined with the aid of an ocular integrator at 400x magnification.
Mean alveolar diameter

Electronic microscopy
Small fragments of different areas of the lungs of two rats from each group were fixed in glutaraldehyde to examine the alveolar septa by electron microscopy.
Statistical analysis
The results of the variables bronchiolitis, alveolitis, alveolar diameter, snout-anus length, body weight and BMI were expressed as means and standard deviation and statistically tested by factorial 2-way analysis (ANOVA). The post hoc Tukey multiple comparison test was used to investigate which of the means were different to assess the interaction between tobacco smoke exposure and alcohol consumption. All the analyses were performed using SPSS statistical software (SPSS, Inc., Chicago, IL, USA). Statistical significance was set at p≤0.05. To study rat growth, the logistic function was used. Estimates of the parameters were calculated for each group in each experiment, together with 95% confidence interval for each parameter.
Results
Of the 60 rats selected for the study, 57 were euthanized.
One rat from each of the respective groups died: control, alcohol and tobacco.
Rat growth
The results of the variables weight, length and BMI are presented in Table 1 . Observation verified that the variables body weight and length from the three experimental groups showed lower values than the control group. Rats exposed to tobacco smoke showed the greatest impairment to body length, while those exposed to alcohol showed lower weight gain. Concerning BMI, only the groups exposed to alcohol showed lower values. 
Morphological alterations
Bronchiolitis (optical microscopy: hematoxylin/eosin)
The results of this variable are presented in Table 2 .
Although, the mean percentages of bronchiolitis were higher in the three groups exposed to the drugs, no statistically significant differences were observed compared with the control group. It should be highlighted that analyses of this variable revealed a predominance of mononuclear cells. Figure 1 shows a bronchiole in a rat from the alcohol + tobacco group.
Alveolitis (optical microscopy: hematoxylin/eosin)
Although the mean percentages of alveolitis were higher in both groups exposed to alcohol, no statistically significant differences were verified compared with the control group. Figure 2 shows lung tissue without alveolitis (2A) and with intense alveolitis (2B). 
Mean alveolar diameter
Although the mean alveolar diameters were greater in the three experimental groups, no statistically significant differences were observed compared with the control group.
Electronic microscopy
In the alveolar septa of the lungs of control rats, rare apoptotic cells were identified, particularly type 2 alveolar epithelial cells (AEC2) showing the preservation of lamellar bodies ( Figure 3 ).
In the alveolar septa of the lungs of rats from the alcohol ( Figure 4 ) and tobacco groups ( Figure 5 ), besides the increase in apoptosis of AEC2, overlapping alveolar walls were also identified. 
Discussion
Rat growth
In this study, analysis of the results revealed that exposure to tobacco and alcohol consumption contributed to the impaired growth of the rats. The interrelation between smoking and body weight has been consolidated by several studies 1 . The effect of tobacco on body weight appears to be mediated by nicotine.
Studies on humans and mices indicate that the administration of nicotine induces body weight loss, probably as a result of appetite suppression by acute elevation of the neurotransmitters dopamine and serotonin 6 . In humans, smoking increases adrenergic activity, which induces thermogenesis and the consequent weight loss 7 .
Another aspect that should be considered is the direct effect of nicotine on the metabolism of adipose tissue, causing greater oxidation of lipids in smokers, which helps explain lower BMI values compared with nonsmokers 8, 9 . In the rat, we were unable to demonstrate lower BMI in those exposed to tobacco; however, rats exposed to ethanol presented a reduction.
In terms of caloric content, ethanol is the only drug 
Morphological study
While evaluating lung morphology, the only significant alterations observed were revealed by electron microscopy. In the rats exposed to tobacco smoke and alcohol consumption, the mean percentages of bronchiolitis (all groups) and alveolitis (all, except the tobacco group) were higher than the control group, though these differences were not significant.
Despite not having been able to show significant differences between the groups using optical microscopy, the inflammatory cells identified in the experimental groups were predominantly mononuclear cells. Of these, macrophages were increased in patients with chronic obstructive pulmonary disease (COPD) due to the increased need for phagocytosis in these individuals, or increased need for the production of cytokines to mediate the inflammatory response. . It has also been reported that alcohol reduces the ability to clear inhaled bacteria, which increases susceptibility to respiratory infections 15 . Although it is generally believed that alcohol makes the lungs more susceptible to the effects of injury induced by smoking, the model used here was unable to verify this phenomenon.
In this study, we verified that although the mean alveolar diameters of the rats of the experimental groups were greater than the control group, no significant differences were observed and emphysema could not be proven. This was an unexpected result, since the period of tabacco smoke exposure was longer than that recommended in the literature, ranging from four to six months 16 of exposure for the development of emphysema.
However, it should be emphasized that the negative influence of tobacco exposure, whether alone or in combination with alcohol, was evident from the electron microscopy results. 
Conclusions
This experimental model showed morphological alterations only observed by electron microscopy, principally resulting from exposure to tobacco smoke. It was not possible to determine any significant differences using optical microscopy.
The effects of both alcohol and tobacco were evident in the compromised body growth of the rats, such that damage by tobacco had a greater effect on body length and by alcohol, on body weight.
